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Evidence is  lacking that  yellow fever  virus  procured  from  the 
mosquito vector, A¢des aegypti,  differs  from that procured from man 
or monkey, except possibly with respect to filtrability.  Stokes, Bauer, 
and Hudson  1 found that the virus in the serum of infected monkeys 
could be faltered readily through Berkefeld filters V and N, but that 
the virus from infective mosquitoes, ground and suspended in salt 
solution, could not be passed through these filters.  The experiments 
here described were undertaken to determine whether the observed 
difference in filtrability was due to different properties of the virus 
itself or to differences in the medium in which it was contained.  The 
filtrability of the virus from mosquitoes was tested with specimens 
obtained during the incubation period, meaning thereby the period 
before the bites of the insect become infective, as well as later, for 
Bauer and Hudson* had shown that the virus is present in the mos- 
quito during the entire incubation period in such quantity and in such 
state as to be infective to monkeys when inoculated experimentally. 
Various investigators have observed that the filtrability of minute 
particles, and even of dissolved substances, is affected by their elec- 
trical charge, and that the charge may be altered by changing the 
hydrogen ion concentration of the fluid in which they are contained. 
The surface tension of the fluid, through its  relation to interfacial 
tensions within the filter during filtration, appears to be another of the 
* The studies  and observations  on which this paper is  based  were conducted 
with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation.  Laboratory facilities were made available  through 
the courtesy of The Rockefeller Institute for Medical Research in New York. 
1 Stokes, A., Bauer, J. H., and Hudson, N. P., Am. 3". Trop. Med., 1928, 8, 103. 
* Bauer, J. H., and Hudson, N. P., f. Exp. Med., 1928, 48, 147. 
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properties  which affect the filtrabil/ty  of suspended  or dissolved sub- 
stances.  The  evidence  with  regard  to  these  factors  and  others 
influencing  adsorption  in  filters  has  been  summarized  by Mudd. s 
Methods 
The mosquitoes used in these experiments were of the species Agdes (Stegomyia) 
aegypti, and all were bred in the laboratory.  The four mosquitoes used during the 
incubation period in Experiment  II were descended from mosquito ova sent us 
from Edenton, North Carolina, by Dr. Mark F. Boy&  The others were descend- 
ants of mosquitoes from ova brought to us from Bahia, Brazil, by Dr. J. H. Bauer. 
The newly emerged imagoes were placed in cylindrical glass catching tubes, one 
male and one female in each, and the tubes were closed with a layer of marquisette 
bound firmly in place with adhesive tape.  The mosquitoes were fed with moist- 
ened raisins laid on the marquisette.  When feedings on monkeys were required 
by the experiments, the animals were anesthetized by intraperitoneal injections of 
iso-amyl-ethyl-barbituric acid and the mosquito tubes were held against the skin 
so that the insects could bite through the meshes of the cloth. 
The mosquitoes used in these experiments  were infected by feeding them on 
monkeys,  experimentally  infected  with  yellow fever,  on  the first  day of fever 
(40°C. or over).  Of the 16 mosquitoes used in Experiment I, 15 had fed on one or 
other of two monkeys inoculated with the French strain of yellow fever from West 
Africa, and one had fed 22 days before on a monkey inoculated with the F. W. 
strain of virus from Brazil.  The F. W. strain had been obtained originally from 
Dr. H. de Beaurepaire Aragao of the Oswaldo Cruz Institute in Rio de Janeiro. 
The mosquitoes used in Experiment II had been fed on monkeys which had been 
inoculated with the Asibi strain of virus from West Africa.  The test inoculations 
noted in the tables were made with dried virus of the Asibi strain.  The origins of 
these strains of virus have already been published. 1, 4, 5 
To obtain material  for filtration  the mosquitoes were stupefied with  tobacco 
smoke, removed from their containers, and finely ground up in the appropriate 
fluid in a mortar. 
The monkeys used  in these experiments  were of the species Macacus  rhesus 
except  Monkeys  1  and  2  in  Experiment  I,  which  were  Macacus  cynomolgus. 
They were inoculated by intraperitoneal injection or were bitten by mosquitoes. 
Rectal temperatures of the monkeys were taken twice each day.  In the cases of 
those which contracted yellow fever the diagnosis was confirmed by necropsy and 
histological examination of the tissues. 
The filters used were Berkefeld V or N, of size 1.5 by 6.0 era.  They were tested 
under water by air pressure before and after use, and no defects were found.  To 
s Mudd, S., in Filterable Viruses,  edited by Rivers, T. M., Baltimore, 1928, 55. 
4 Sawyer, W. A., Lloyd, W. D. M., and Kitchen, S. F., J. Exp. Med., 1929.50, 1. 
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each fluid to be filtered was added a heavy suspension of B. prodiglosus (1.0 cc. 
in Experiment I  and 0.5 cc. in Experiment  II), and in no case did this organism 
appear in the filtrate.  The fluids passed through the filters in a very few minutes. 
We were unable to maintain a constant pressure with the apparatus used, and the 
negative  pressure  started low and rose during filtration.  It reached  61  an. of 
mercury in the filtration  with the Berkefeld filter V in Experiment I, but in the 
other filtrations it did not reach 54 cm., the least negative pressure measurable by 
the manometer used. 
The serum used in the experiments was obtained by bleedi~ag a normal monkey 
from the heart under ether anesthesia on the day before the first experiment.  An 
equal volume of 0.9% sodium chloride solution was added to the serum in each 
experiment.  In  the  first  experiment  the  mosquitoes  were  ground up  in  salt 
solution  and the resulting  suspension was divided and incorporated  in the fluids 
used  in the three parts of the experiment.  In the second experiment  the mos- 
quitoes were ground in the serum-saline mixtures. 
The hydrogen ion concentrations  of the saline solution  and of the undiluted 
serum were determined  before filtration  and found to be 6.6 and 7.8 respectively. 
The figures in the table show the pH of the filtrates. 
Measurements  of the surface tension of the monkey serum used in both experi- 
ments when diluted with an equal part of 0.9% sodium chloride, were made with 
the du Notty tensiometer at the time of the second experiment.  The serum-saline 
mixture gave a reading  of approximately  55 dynes at 20°C. when corrected  for 
temperature.  At the same temperature the sodium chloride solution would have a 
corresponding  surface tension of 77 dynes. 
Experiment I 
The purposes of Experiment  I  were  to  determine  whether  yellow 
fever virus of infective mosquitoes would pass Berkefeld filters when 
placed in monkey serum, the fluid in which the virus from monkeys 
had been shown to be filtrable,  and further to test the filtrability of 
the virus when in saline solution.  The results are shown in Table I. 
Sixteen mosquitoes  were used.  The intervals  since they had fed on infected 
monkeys were 14 days for 3 mosquitoes,  16 days for 12 mosquitoes, and  22 days 
for one.  It was expected that all had become infective, as the temperature of the 
mosquito room stood as a rule between 26  ° and 280C. and was controlled by auto- 
matic electric heaters,  and was humidified. 
The suspension of mosquitoes in salt solution was filtered through the coarser 
filter, Berkefeld V, as it was not expected that the virus would pass through because 
of the results  of earlier  workers.  1  The suspension  in diluted serum was filtered 
through a fner filter, Berkefeld N, as it seemed probable that the virus would pass 
through, and it was desired to make the test as rigid as possible.  As will be seen 
in Table I, the serum filtrate  contained  enough virus to induce yellow fever in a 716  FILTRABILITY  OF  YELLOW  FEVER  VIRUS 
monkey,  the  incubation  period  being only 2.5  days  (maximum temperature 
39.8°C.), with death on the fifth day after inoculation.  The salt solution filtrate 
from the coarser filter produced no effect and the monkey remained susceptible to 
yellow fever. 
The experiment showed that  the virus in infectious mosquitoes is 
filtrable when suspended in diluted monkey serum; while the failure 
TABLE  I 
Experiment  I. Piltrability  of  Yellow Fever Virus  in  Infective  Mosquitoes  When 
Suspended in Salt Solution and When Suspended in Diluted Normal 
Monkey Serum.  Performed Marctt 16, 1929 
Num- 
herd 
monkey 
inOCU* 
lated 
Grade 
of 
Berke- 
feld 
filter 
V 
N 
Material injected 
into monkey 
Filtrate from in- 
fective  mos- 
quitoes in salt 
solution 
Filtrate from in- 
fective  mos- 
quitoes  in 
diluted normal 
monkey serum 
Unfiltered  in- 
fective  mos- 
quitoes in salt 
solution 
pH of 
filtrate 
6.4 
7.7 
Amoun! 
injected 
66. 
10" 
10' 
2** 
Results 
No reaction 
Died, March 
21 of yel- 
low fever 
No reaction 
Date of 
inocula- 
tion to 
test 
suscepti- 
bility 
April 
20 
April 
13 
Result of test 
inoculation 
Died April 26 of 
yellow fever 
Died April 17 ot 
yellow  fever 
* Contained the equivalent of five mosquitoes. 
** Contained the equivalent of one mosquito. 
to filter the mosquito virus suspended in saline solution was devoid of 
significance, since the control monkey was not infected or immunized 
by the injection of a  small amount of the unfiltered suspension.  It 
seems probable that  some factor in the artificial environment  of the 
mosquitoes had not permitted the virus in their bodies to become or 
remain  abundant.  That  this was the case is suggested also by the 
fact that in two additional experiments, mosquitoes which had fed on W.  A.  SAWYER  AND  MARTIN  FROBISHER,  JR.  717 
infected monkeys on the first day of fever did not produce infection or 
immunity when injected into  normal monkeys. 
In the unsuccessful experiments referred to, an attempt was made 
to determine whether the virus would be filtrable in sodium chloride 
solution and  also in infusion broth if the pH was maintained  by a 
phosphate buffer at 7.8, the pH at which the virus in the mosquito- 
serum mixture in Experiment I  had been shown to be filtrable. 
TABLE  II 
Experiment II. Filtrability of Yellow Fever Virus in Infective Mosquitoes and in 
Mosquitoes during the Incubation Period, When Suspended in Diluted 
Normal Monkey Serum.  Performed  June 17, I929 
Number  Grade of 
of  Berkefeld 
monkey  filter  inoculated 
N 
N 
Material injected 
into monkey 
Filtrate  from  2 
mosquitoes  in 
diluted normal 
monkey serum 
Filtrate  from  4 
mosquiotes  in 
diluted normal 
monkey serum 
Time since I 
mosquitoes I  b~ ~¢ 
had bitten  ~l~r  a~t~ 
infectious  - 
monkey 
days 
I  11  I  7.2 
7.2 
AI~OUIE 
injectec 
CC. 
11.3" 
10.3 *~ 
Bitten by one of the ll-day mosquitoes and all d  the  5- 
day mosquitoes on the day of the experiment*** 
Result 
Died June 22 of 
yellow fever 
Died June 23  of 
yellow fever 
Died June 22  of 
yellow fever 
* Contained the equivalent of 1.5 infective mosquitoes. 
** Contained the equivalent of 2.7 mosquitoes in the incubation period. 
*** Infected by the ll-day mosquito, as the others were in about the middle 
of the incubation period of the virus. 
Experiment II 
The second experiment was devised to test again the filtrability of 
the virus from infective mosquitoes, as determined in Experiment  I, 
and  to ascertain  whether  the virus in  the mosquito is filtrable  also 
during  the incubation  period.  By the use of the term  "incubation 
period" we do not intend to imply that there occurs an increase in the 
total amount of virus in the mosquito during this period, for that has 
not been proven.  The results of Experiment II are shown ill Table II. 718  FILTRABILITY  OF  YELLOW I~EVER VIRUS 
This experiment was carried out in the early  s-miner and the environmental 
conditions  may have been better for the survival or increase  of the virus in the 
mosquitoes.  The temperatures in the mosquito room were higher than before and 
frequently  rose  above 30°C.  Another  difficulty  developed,  however,ma high 
mortality among the mosquitoes.  It was possible,  nevertheless,  to  carry out 
Experiment II with the few survivors,  as the virus content of the mosquitoes proved 
to be great. 
Of one lot of mosquitoes only two females remained alive on thv eleventh day 
after biting an infected monkey.  To conserve the insects for filtration, the test 
for infectivity was made by applying the live mosquitoes  to a  normal monkey 
instead of using some of the unfiltered mosquito suspension for inoculation.  Only 
one of the mosquitoes bit the  animal,  but  that  was sufficient  to infect.  The 
virus from the two mosquitoes mentioned, after filtration in diluted serum through 
a Berkefeld N filter, infected a monkey on inoculation.  The incubation period was 
2.5 days and death occurred on the  filth day.  This confirmed  the previous ob- 
servation  with  regard  to  virus from  infective mosquitoes  when  suspended  in 
diluted  serum. 
In the second part of the experiment four mosquitoes were used which were in 
, about the middle of the virus incubation  period.  They had fed on an infected 
monkey only six days before.  At first it was hoped to keep them longer and they 
were fed on the normal monkey (Number 6),  before the  two mosquitoes above 
referred to were applied to it, in the hope of prolonging their lives.  Some of them 
appeared to be dying in the afternoon of the same day, and they were used at once. 
When suspended  in diluted serum the virus from these mosquitoes, though in the 
incubation period, passed a Berkefeld N filter, and infected a monkey, which came 
down with yeUow fever in 3.5 days after inoculation and died  on the sixth day. 
CONCLUSIONS 
The virus of yellow fever as it exists in A~'des aegypti mosquitoes, 
both in their so-called infective stage and in the intermediate condition 
termed the "incubation period," is capable of passing through Berke- 
feld  N  filters  when  suspended  in  normal  monkey  serum,  although 
earlier  investigators  have  shown  that  the  virus  from infective mos- 
quitoes will not  do so when suspended in physiological salt so!ution. 
The virus of yellow fever as it  exists in mosquitoes behaves with 
regard to filtration through Berkefeld N  filters as does the virus in the 
blood of infective monkeys. 